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finat 500 s of the detay period for the twe CF -

conditions were analyred further, A cell was consid-
ered to update il its respanse duting the 500 ms after
the saccade and before the sesch in the 15 task was
signiicantly greates {Mano-Whitney test, P < G.05)
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from mankey 0, and 3 from mankey G were studied
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BLyS: Member of the Tumor
Necrosis Factor Family and B
Lymphocyte Stimulator

Paul A. Moore, Ornelia Belvedere, Amy Osr, Krystyna Piari,
David W. LaFleur, Ping Feng, Daniel Soppet, Meghan Charters,
Reiner Gentz, David Parmelee, Yuling Li, Olga Galperina,
Judith Girl, Viktor Roschke, Bernardetta Nardelli, Jeffrey Carrell,
Svetlana Sosnovtseva, Wilbert Greenfield, Steven M. Ruben,
Henrik 8, Olsen, James Fikes, David M. Hilbert*

The tumor necrosis facter (TNF) superfamily of cytokizes includes both
soluble and membrane-bound proteins that repulate immune responses. A
member of the buman TNF family, BlyS (8 lymphocyte stimulator), was
identified that induced B cell proliferstion and immunoglobulin secretion,
BLyS expression on hurnan monocytes could be up-regulated by interferon-
4. Soluble BLyS functioned as a potent B cell growth factor in costimulation
assays. Administration of soluble recombinant BLyS to mice disrupted splea-
ic B and T cali zones and resulted in elevated serum immunoglobulin can-
centrations, The B cell tropism of BLyS is consistent with its receptor
expressian un B-lineage cells. The bivlogical profile of BLyS supgests it is
fnvolved in monacyte-driven B cell activation.

A 2B5-amino acid protein was identified ina
human neutrophii-monecyte~derived ¢<DNA
library that shared idantity within its prediet-
ed exiracelinlar receptor-hinding domain to
APRIL (28.7%) (I}, TNFa (16.2%) (2), ond
Iympholoxin-a (LT-a) (34.19%) (Fig. 1A} (3).
This eytokine has been designated B ymplio-
cyte stimalater (BLyS) on the basis of its
biological actvity. Analysss of the BLyS
protein sequence have revealed a potentiad

Human Gename Sclences, 5410 Key West Avanue,
Rockville, MD 20850, LSA,

"To whem correspondence should be addretsed. E-
mail: david,_hitbert®hgst.com

transmembrane  spanning domain betwesn
amine acid residues 47 end 73 that is preced-
ed by nonhydrophobic amine acids, suggest-
ing that BLyS is a type I} membrane-bound
protein {¢). Expression of this ¢DNA in
mammalian esfls {HEK 293 and Chinese
hamster ovary {CHO)] and Sf9 insect cells
identified a soluble form, 152 amino acids in
lenpth, with an NH,-terminal sequence be-
githing with Ala™* (urow in Fig. 1A). Re-
construction of the mass-to~charge ratio de-
fined a mass for BLyS of 17,038 daltons, a
value consistznt with that predicted for this
152-amino acid protein with a single disul-
fide bond (17037.5 daltons). BLyS has been
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mapped to human chromosome 13934 (5).
The expression profile of BLyS was as-
sesszd by Northern blot and flow cytometric
analyses. BLyS is encoded by a single 2.6-kb
mRNA expressed in peripheral blood mono-
nuclear cells, spleen, lymph node, and boac
marrow {Fig. 1B). Lower expression was de-
tected in placenta, heast, lung, fetal liver,
thymus, and pancreas, BLyS mRNA was also
detzcted in HL-60 and K-562, but not in Raji,
Hela, or MOLT4 cells. Surface expression
was analyzed by flow cytometry with the
BLyS-specific monoclonal antibody (mAb)
2ES, BLyS was not detected on T or B-
lineage cell Enes, but was restricted to cells of
myeloid origin, including K-562, HL-50,
THFP-1, and U-937 {6). Analyses of normal
blood cel! types showed expression o resting
monocyles that was opregulated four times

. F

after exposure of cells to interferon-y (IFN-y) .
(100 U/ml) for 3 days (Fig. 1C). A concom- *

ilant increase in BLyS-specific mRNA was

also detected by quantitative polymerase "

chain reaction using a TagMan machine (Per- =

kin-Elmer Applied Biogystsms) (6). BLyS
was rot expressed on freshly isolated blood
lymphocytes or on activated T cells [onti-
CD3 mAb + interleukin-2 (IL-2)], B cells
(SAC + IL-2}, or NK cells (IL-2 + IL-12)
(6).

Purifizd recombinant BLyS (fBLyS) was
assessed for fts ability to induce activation,
proliferation, differentiation, or death in nu-
merous cell-based assays involving B cells, T
cells, monocytes, natuml killer (NK) cella,
hematopoietic progenitors, and & variety of
cell types of endothelial and epithelial origin.
A biclogical response to BLyS was observed
only among B cells in a standard costimula-
tory proliferation assay in which purified ton-
sillar B celis were enltured in the presence of
either fonmalin-fixed Staphplococcus aurens
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Cowsn I {SAC) or immobilized anti-human
immunoglobultin M {IgM} as priming apents
{7, &. The tBLyS induced a conceniration-
dependent profiferation of tonsillar B cells
similar to that of recombinant IL-2 (rIL.2)
(Fig. 2A). BLyS also induced B celf prokif-
eration when cultured with cells cosimulated
with graded doses of anti-Igh (Fig. 2B). A
concentration-dependent respanse was readi-
1y ubserved ay the amount of cross-linking
ugent increased in the presence of a fixed
concentration of cither 1L-2 or rBLyS.
Biotinylated BLyS protein (which ratained

A

BlyS NDOSTEREZQSRLTSCLEKRREEMXLXELVISILPRXESPSVYARS
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biological finction in the standard B cell pro-
liferation assays) (6) was used to assay for
receplor expresston. Lineage-specific analyses
of human peripherat blood cells indicated that
birding of biotinylated BLyS was undetectable
on T cells, monocytes, NK calls, and granulo-
cytes as assessed by CD3, CDH, CD36, and
CDE6b, respectively (Fig. 3A). Activation of
nomal uman. T eells with anti-CD3 mAb and
1L-2 did nol induce BLYS receptor expression
(4). In contrast, biotinylated BLYS bound pe-
ripheral CD20* B cells. Receptor expression
was also detected on the B cell mumor lines

41

Tronsneobrons  Reqion
SKDGKLLAATLLLALLSCC&TVVS?TEVAALQGOLASLR'I% B2

LQOCHHAEKLPAGCAGAPRAGLEEAPAYYALLKIFPEPPAPGE §

- rnm
wWoT ¢
+ HU
"md

Fig. . Sequence and expression
pattern of human BLyS {28). (A}
Amino acid sequence of BlyS
and alignment with TNF Family
mmembers. Shaded boxes indicate
shared residuas betwesn family
mambers, The predicted meam-
brane-spanning region is indicat-
ed and the site of deavage de-
picted with an arow, Sequences
overtaid with lnes {labeled A
through H} represent pradicted
B-plaated sheet regions. (B) £x-

]

pression of BLyS mRNA. North-
em hybridization apalysis was
performed using the BLyS open
reading frame as a probe
for polyadenylate-selected RNA
from the indicated seurces.
PEMC, peripheral blood maono-
muclear cells. (€} BlyS expres-
sien Increases following active-
tion of human monocytes by
IFN-y. Flow cytometric analysis

Redative celt aumber

E

-
£ _-r-e-

BLyS

of BLyS expressian an cultured manocytes using BlyS specific mab (2E5) {solid lines) or an isotype
matched control (IgG 1) {dashed fines). Hybridomae and manoclonal antihodies were prepared as

dascribed (29-32),
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REH, ARH-77, Raji, Namalwa, RPMI-8226 -
and IM-% but not any of the myeloid-derives =

lines tested, inciuding THP-1, HL-60, X-562
and U-937 (Fig. 3B). Thus, BLYS displays aF
cell tropisim in both ils receptor distribution ant
binlogizal activity.

To examine the species specificity o,
BLYS, mouse spienic B cells were cultured i
the presence of human BLyS (HuBLyS) ant
SAC, Recombinant BLyS induced in wvitr
pruliferation of murine splenic B cells anc
bound 1o a cell-surface receptor on thest
cells. Jmmature swiface g-negative B cel
precursors isolated frem mouse bone marrow
did not proliferate in response to BLyS, nm
did they bind the ligand (6).

To assess the in vivo activity of rBLyS,

BALB/z mice {three mice per group) wer .
injected intraperitonzally (L.p) twice a day -
for 4 days with buifer only or with BLyS (2 -
mp/kg body weiphl). Upon treatment with °

BLyS, normal splenic architecture was al- -

tered by an expansion of the white pulp and ©

an increase in nucleated cells within the red
pulp (RP) {Fig. 4A). The B cell regions with-
in the periarterial lymphatic sheaths (PAL)

and the marginal zone werz expanded bul |
appeared to stain less intensely with the B -
cell marker CD45R {aise known as B220). In |
addition, the T cell-dense regions surround- :
ing the cantral arnterial (CA) were also infil- |
trated by moderate numbers of CD4SR* -

cells, This suggests the white pulp changes
were due to increassd numbers of B cells,

The densely packed cell population that fre-

B A
0
1]
1
3
£ S
E Y TTTTTY
2
=t Logyg Himuiator {npfmDj
frd
=
E g B
184
s94
13-
L:x 0 T T 3
Bl 10 e e 16009
Anthight (ugiml)

Fig. 2 BLYS Is a potent B iymphocyte stimyta-

i

-
.

&

tor. (A} The biological activity of BlyS was

assessed in 3 standard B lymphocyte costimu-
lation assay {33) (A, SAC + K-2 W, SAC +
BlyS). [B} Praliferation of tonsillar B cells with
BLyS and costirmulation with anti-1gM [, anti-
IgM only; &, anti-IgM + 1L-2 {300 ng/mi): .,
anti-IgM -+ Bly$ {100 ng/ml)].
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quently filled RP spaces did not stain wit

CD45R.

Flow cylomeic analysss of the spleer
irom BLyS-treated mics indicated that BLy
incrzased  the propertion of CD45R™
Ly6D*8™ (also known as ThB) B cells g
proximately 10-fold over that observed i
control mice (Fig. 4B). This phenatype is rm
among normal splenocytes but is characteri:
e of womally differentisied plasma ce
papulatiens (9, 10). A potential consequent ;-

Maonocytas

Biotinylated BLyS binding

Gasulecytes

of increased B ezl representation in vive is
rzlative increase in serum g titers. Accor
ingly, serum IgM, IgG, and IgA concentn:
tions were compared betwesn boffer- an
BLyS-treated mice {Fig. 4C). BLyS admini:
fration resulizd in five- and twofold increase
in serum 1gM and IgA, respectively, Cirou
lating IgG concentrations did not increas
after 4 days treatment with BLyS. ;
Here, we define BLYS a5 a member of th —

- » TNF superfamily that mduces both in viv .
Hematopoletic i K and in vitre B celt proliferation and differen -
emAtopelett fineage markers tiation. BLYS is distinguished from other J *
Fig. 3. BLyS receplor expression g cell growth and differentiation factors such a
among normal human  peripheral - W2 (10), IL-4 (12, 13), -5 (J4, 19), IL-
blood nucleated cells and tumnor celi 5 100 . T e {J6, 17), 1L-7 (18, 19, 1L-13 (20), TL-1
lines. {A) Hurman peripherat bload nu- 2 w01 4 H {21), CDAOL (22, 23), or CD27L (CD70} {24
cteated cells were obtained from nor- N " 25) by its monocyte-specific gene and prote
mat volunteers and isolated by densi- 2 80 {: . ai i
ty gradient centrifugation. Cells were & 45 7 H expression patiern and its specilic recepto
skained with biotinylated Blys fol- 2 - distribution and biological activity on B lym
lowed by PE-conjugated streptavidin = & 0 ] o phocytes. BLyS is likely involved in the ex
and fluorescein othiocyanate (FIICE 0 Sk, change of signals between B ¢ells and mono
coupled mAbs spedific for (D3, CD20, cytes or their differentisted progeny. Al
D34, CDS6, and CDEGD. (8] BLyS bind- BLYS Receptor though all B cells may use this mode o

ing to U-937 and the myeloma kne

IM-9. Sienilar results were also ohtained using a biologically active FLAG-1agged BLyS protein instead of

the chemically modified biotin-BlyS {6}

A Normal spleen

H & E (100x)

CD45R{B220)
(40x)

Fig, 4. in vivo effects of BlyS administration in BALB/cARNCR mice.
(.ﬂS Splenic architecture of normal and BlyS-traated mice, The lower
panels are sections taken from the same animals stained with a mAb
te CD45R and developed with horseradish peroxidase-coupled rabbit
anti-rat Ig {mouse adsorbed} and the substrate diaminchenzidine
tetrahydrochloride {DAB) (34). CD4SR-expressing cells appear brown,
{B) Flow cytomnetric analyses of normal {left panel) and BLyS-treatad
right panel) cells stained with PE-CDASR(B220) and FITC-Ly6D{ ThB).

BLyS-ireated spleen

signaling, the restricted expression pattern
of BLyS receplor and ligand suggest tha
BLyS may function as » regulator of T celt
independent responses in 2 manner analogou.

o

COasR (n22l)

(5.

Baffer
1,

Cells were obtained fram the mouse spleens shown in Fig, 4A, (€}
Serum IgM, 1gG, and IgA levels in normat and BlyS-treated mice were
quantitated using isotype-specific enzyme-linked immunasorbent |
assays,
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to that of CD40 and CD40L in T cell-depan-
dent antigen activation (26, 27). As such,
BLyS, its receplor, or related antagonisis may
find medical utifity in the treatment of B ¢el}
disorders associated with auloimmunity, neo-
plasia, or immunodeficiency syndromes.
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hRAD30 Mutations in the
Variant Form of Xeroderma
Pigmentosum

Robert E. Johnson, Christine M. Kondratick, Satya Prakash,
Louise Prakash*

Xeroderma pigmentosum [ XP} is an autosomal recessive disease cheracterized
by a high incidence of skin cancers. Yeast RAD3) encodes a DNA polymerase
involved in the error-free bypass of ultraviclet {UV) damage. Here it i shown
that XP variant {XP-V) cell lines harbor nonsense or framashift mutations in
hRAD30, the human counterpart of yeast RAD30. Of the eight mutations
identified, seven would reSult in a severely truncated hRad30 protein, These
results indicate that defects in ARAD3D couse XP-V, and they suppest that
error-free replication of WY lesions by hRad30 plays an important role in
minimizing the incidence of sunlight-induced skin cancers.

Xeroderma pigmentosum (XP) patients are
hypemensitive to sunlight, and they suffer
from a high incidence of skin cancers, Cells
from seven different XP complemestation
groups (A to G) are defective in nucleotide
excision repair {f), whereas cells from the
variant form of XP (XP-V) excise UV pho-
toproducts at a normal tate {23, XP-V cells,
however, are much slower than nofmal celis
in teplicating DNA contining UV photo-
produsts (3), and XP-V cebl-fres extracts are
deficient in bypass replication of a cis-syn
thymine-thymine (T-T) dimer {4). XP-V cells
are hypermutable with UV light and exhibit
an unusual mutational spectrum (5). The
RAD30 gene of Saecharomyces cerevisioe
functions in ssror-free bypass of UV lesions

Sealy Center for Molecular Sclence, University of Texas
Madical Sranch at Galveston, 6.104 Medical Research
Bullding 11th and Mechank Streets, Galveston, TX
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{6, 7). RAD30 encodes 2 DNA polymerase
Poly, which can efficiently replicate past + |
cig-yn T-T dimer in template DNA, am [
Rad30 fnserts two adenines across from the
dimer (§). Here, we determine if the humar
homolog of yeast RAD30 is responsible
XP-v.

A human cDNA clone, HO6386 [345 bast
pairs (bp)], that encodes 1 peptide with homol
ogy io the NH_-tertninus of yeast Rad30 proteis
was used to seen a splesn ¢DNA Bbray (9
and a single clone hat contains & 3-kb <DNA
insert was isolated. Sequence analysis (10} of ;
this €DNA (/1) (GenBank necession number [
AF138185) indicaled that the protein encoded
by the human gene displays significant hornol-
ogy to the §. cerevisiczz Rad30 protein (Fig :
1A}, We have named the humen geas ARAD3I0.
Excludipg the intervening region from aming -
acid residues 452 to 606 in hRad30, the hurnan
and yeast Rzd30 proteins share 23% identical
and 53% conserved residues, and the two pro-
teins have several highly conserved motfy ;-
througheut their length (Fig. 1A), i
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